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Pertussis toxin (PT), an exotoxin produced by Bordetella pertussis, has the A-B structure typical of many bacterial toxins. PT is composed of an enzymatically active A subunit (PTA) and a B oligomer (PTB) that is responsible for binding of the toxin to receptors on the surface of mammalian cells (10) . PTB is made up of five subunits, S2, S3, S4, and S5, found in a 1:1:2:1 ratio (10) , and appears to contain at least two receptor binding sites (9, 12) .
PT has been reported to bind to both glycoproteins and glycolipids (2, 3, 9, 11) . The major toxin receptors of Chinese hamster ovary cells are sialyllactosamine (NeuAc Gal$4GlcNAc) residues of N-linked oligosaccharide chains on glycoproteins (3, 12) . The terminal sialic acid residue appears to be crucial for binding of the toxin and subsequent intoxication of the cell (12) . The toxin has also been shown to bind to mixtures of glycolipids isolated from cells of several types (9, 11) . Thus, it is possible that PT binds to more than one type of receptor, each of which may carry any of several carbohydrate determinants. In the study reported here, we examined the ability of PT and PTB to bind to a number of purified glycosphingolipids incorporated into phospholipid vesicles to better define the type(s) of glycolipid that can serve as a receptor.
To study binding, we used a model membrane-receptor system that consisted of phospholipid vesicles into which glycolipids were incorporated. This model system was used in the hope that it might mimic a biological membrane. The vesicles containing glycolipids (Sigma Chemical Co., St. Louis, Mo., and Boehringer-Mannheim, Indianapolis, Ind.) were prepared as previously described (7) . Briefly, dimyristoylphosphatidylcholine, cholesterol, and dicetyl phosphate (Sigma) in a molar ratio of 2:1. 5 ,ug of PTB in a total volume of 0.2 ml for 2 h at 37°C. The preparations were centrifuged, and supernatant fractions (containing free toxin subunits) and pellet fractions (containing lipid vesicles and bound toxin subunits) were obtained. The detergent 3-[(3-cholamidopropyl)dimethylammonio]-1-propane sulfonate was added to each fraction to give a final concentration of 2%. Proteins were precipitated by the addition of trichloroacetic acid (final concentration, 10% [wt/vol]). The precipitated material was suspended in 0.1 M Tris-HCl (pH 9) containing 100 mM dithiothreitol, 2% sodium dodecyl sulfate (SDS), and 20% glycerol and was then subjected to SDS-polyacrylamide gel electrophoresis (PAGE) essentially as described previously (8) . Quantitative estimates of the amounts of toxin and toxin subunits bound to the vesicles were made by densitometric analysis of the gels. In the absence of ganglioside, some PT, a small amount of PTA, but little PTB bound to the lipid vesicles (Fig. 1) . The mode of binding of PTA to lipid vesicles is unknown; however, this finding may have implications concerning the mechanism by which this subunit could interact with mammalian cell membranes and gain access to its target substrate within the cell (5). When mixed-brain gangliosides were incorporated into the vesicles, a significant proportion of both PT and PTB bound to the vesicles. Very little PTA bound to these vesicles.
To determine the identities of glycolipids that act as toxin receptors, we incorporated purified glycosphingolipids into the vesicles and examined the binding of PTB. The structures of oligosaccharide moieties of the glycosphingolipids investigated in this study are shown in Table 1 1 and 2) , PTA (lanes 3 and 4), and PTB (lanes 5 and 6) were incubated with lipid vesicles (A) or lipid vesicles into which mixed brain gangliosides were incorporated (B). Unbound toxin or toxin subunit (lanes 1, 3, and 5) was separated from toxin or toxin subunit bound to the lipid vesicles (lanes 2, 4, and 6) as described in the text. Fractions were then subjected to SDS-PAGE.
PTA. Previously, the binding of PT to a variety of gangliosides that had been immobilized on a thin-layer chromatography plate was examined (3, 11) . In one study (3) in which the binding of PT to well-defined glycosphingolipids was examined, no binding was detected. The discrepancy between those data and the data reported here may be due to the potential for our assay system to detect interactions of relatively low affinity between PT and gangliosides.
Although the presence of each of the glycolipids in the vesicle preparations was verified using thin layer chromatography, we were not able to quantify these compounds. It 
